In this study, the association between the acute toxicity of 15 compounds to Daphnia magna, expressed as values, and the corresponding oral LD 50 values for the rat was tested. Since there was evidence of a strong relationship between the two species, the sample was extended to 54 cases by including the values for acute toxicity to D. magna and rat of more chemicals published by other authors. Thus, a total of 54 data points were further used to ascertain the relationship between the acute toxicity of chemical compounds to D. magna and that to the rat. To summarize its validity, the D. magna test is more speci5c than sensitive as an indicator of toxicity to the rat. When it is used with a chemical that has a high probability of being very toxic to D. magna (LC 50 < 0.22 mg/L), the test provides considerable information if it is positive, virtually giving evidence of toxicity to the rat (with a probability of 0.83). On the other hand, a negative test (D. magna LC 50 > 0.22 mg/L) has a probability of correctly assigning nontoxicity to the rat equal to 0.74. This study and results published by other authors provide good evidence of the applicability of using invertebrate tests as prescreening methods, thus considerably reducing the number of mammals required in toxicity testing.
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INTRODUCTION
In 1959, Russell and Burch in their book, The Principles of Humane Experimental Technique, formally proposed the &&3 R's'' concept: reduction, re"nement, and replacement. Since then, alternative methods to experimentation with highly sensitive animals, particularly mammals, have been developed and some have been introduced in toxicology. The recognition that a precise LD value for mammals is not required for noti"cation of new chemicals leads to the development of alternative methods to the traditional LD test for acute oral toxicity determination. Some of these methods ("xed dose procedure, acute toxic class method, and up-and-down procedure) have now been accepted for regulatory purposes and must be used preferentially to the LD test (Tichias et al., 1998) . Studies published in the last decades suggest that acute tests with invertebrates may be used as "rst screening methods for the assessment of the lethal toxicity of new chemicals to mammals and humans. For example, Neuhauser and collaborators (1985a, b) proposed a rank classi"cation of substances based on acute toxicity (LC values) to the earthworm Eisenia foetida which corresponds to the actual classi"cation based on rat LD values, while Khangarot and co-workers (Khangarot and Ray, 1988; Khangarot et al., 1987) found a high correlation between the acute toxicity of some metals to the crustacean cladoceran Daphnia magna and the corresponding LD values for the mouse and rat. Furthermore, a study published some years ago by Calleja and Persoone (1992) reports the predictive screening potential of some aquatic invertebrate tests for acute oral toxicity in humans better than the rat LD test for some chemicals. The major advantage of using invertebrate bioassays as prescreening methods is reduction of the number of mammals required for toxicity testing. Since these methods are in vivo tests, the biotransformation of chemicals is taken into account and, from this point of view, they seem to be preferable to in vitro methods that have been considered to evaluate human acute toxicity (Ekwall et al., 1989 (Ekwall et al., , 1998 for some purposes. In addition, they are less expensive than bioassays with mammals and require less space. The main di$culty in the use of invertebrate tests as prescreening tests is the di!erence of biological organization level relative to mammals. Although this di!erence should be considered, it should be remembered that the objective is using them as prescreening methods. Therefore, a "nal bioassay with a small number of mammals should be carried out. Despite this requirement, the routine use of invertebrate tests will represent a signi"cant reduction in the number of mammals used for regulatory purposes.
In this study, the association between the acute toxicity of 15 compounds to Daphnia magna, expressed as 24-and 48-h LC values, and the corresponding oral LD values to the rat was investigated. Since there was evidence of a strong relationship between the two species, the sample was expanded to 54 cases by including values for acute toxicity to D. magna and rat of more chemicals published by other authors. Thus, a total of 54 data points were further used to ascertain the relationship between acute toxicity of chemical compounds to D. magna and the rat.
MATERIAL AND METHODS
Parent animals. Parent animals were individually cultured in 100 mL of ASTM hard water (ASTM, 1980) with an organic additive (Baird et al., 1989b) and fed Chlorella vulgaris (0.322 mg carbon/day). The photoperiod was 16 h L:8 h D and the temperature was 20$13C.
Acute Daphnia toxicity tests. All experiments were carried out with animals from clone A (Baird et al., 1989a) and initiated with third to "fth brood neonates ((24 h old). Test medium was ASTM hard water (ASTM, 1980) and the animals were not fed during the tests. Twenty animals per treatment in groups of "ve per 100 mL of test solution were used. Temperature and photoperiod were as described above. Oxygen concentrations and pH levels were determined 0, 24, and 48 h after the start of the test. The measured e!ect was death recognized as immobilization for 15 s after stimulation by a bright light.
¹est solutions. Tested substances were paraoxon, parathion, chlorpyrifos, 3, 4-dichloroaniline (DCA), cadmium choride, mercurous chloride, copper sulfate, zinc sulfate, chromous chloride, sodium dichromate, potassium dichromate, sodium bromide, sodium dodecyl sulfate (SDS), dodecyl benzyl sulfonate (DBS), ethanol, and methanol. For each chemical, test concentrations were prepared by dilution with ASTM hard water of a stock solution in nanopure water (conductivity 5 S/cm), except for parathion for which the stock solution was prepared in ethanol. Actual concentrations of DCA, parathion, and chlorpyrifos, considered di$cult substances, were measured by HPLC (Carvalho et al., 1985; Guilhermino et al., 1996) . For all the other chemicals, nominal concentrations were used.
Chemicals. Metallic compounds, SDS, methanol, and ethanol were purchased from Merck (Germany), DBS was a gift of Unilever UK Central Resources Ltd., parathion was from BDH (England), paraoxon was from Sigma (St. Louis, MO), chlorpyrifos was from Riedel-de HaeK n (Germany), and DCA from Aldrich (England). All chemicals were at least 95% pure.
Data analysis. LC
values to D. magna and respective 95% con"dence limits were determined by probit analysis (Finney, 1971) . The Pearson product}moment correlation coe$cient was used to test the association between the oral LD to the rat and both 24-h LC and 48-h LC to D. magna using 15 compounds as test substances. Since there was evidence of a strong relationship, a revision of the literature values for rat oral LD values and D. magna 24-h LC values was performed, and 54 data points were further used to ascertain the relationship between D. magna LC values and the acute toxicity to the rat based on the EU classi"cation of chemicals. Two groups were formed: a group of both very toxic and toxic chemicals (oral LD (200 mg/kg) and a group of chemicals considered harmful or unclassi"ed (oral LD 5200 mg/kg). A logistic regression model was then used to determine the &&best'' cutpoint in the 24-h LC values that could predict the toxicity to the rat (Hosmer and Lemeshow, 1989) . This cutpoint can then be considered as a con"rmation test for rat toxicity, and its criterion validity (Abramson, 1984) is also discussed, using as criteria the sensitivity, speci"city, and relative risk.
RESULTS

LC
values of 15 compounds for D. magna determined in this study and the corresponding oral LD values for the rat found in the literature are listed in Table 1 . For these chemicals, the correlation coe$cients between LD values for the rat and both 24-and 48-h LC values for D. magna (in logarithm scale to improve the assumption of normality) were highly signi"cant. The value of r was 0.93 using D. magna 24-h LC values and 0.91 using D. magna 48-h LC values. With the data in Table 2 , a linear regression was used to model the probability of toxicity to the rat using as predictor the 24-h LC values for D. magna for the 54 chemicals in Table 2 . The value of r was low (0.478), and for this reason, a logistic regression model was then used. As judged by the goodness-of-"t P value (0.19), the model "t the data. Figure 1 is the logistic curve, the value of ln(LD ) that serves as a &&test'' to predict the probability of toxicity to the rat ( !1.50) and the chemicals the toxicity of which is wrongly predicted by the model. Two of them are false positives (predicted as toxic and actually classi"ed as harmful) and 11 are false negatives (predicted as not toxic and actually classi"ed as toxic).
Using 0.22 mg/L as text value, the criterion validity of D. magna 24-h LC to predict toxicity to the rat is presented in Table 3 . The D. magna test has a high speci"city, correctly identifying 93.9% of the chemicals that are nontoxic to the rat, and consequently a low false-positive rate (2/12). Nevertheless, its sensitivity is rather low, indicating toxicity in only 47.6% of the chemicals that are in fact toxic to the rat. An overall measure of validity, which takes account of both toxic and nontoxic substances to the rat, is 358 the relative risk of toxicity to the rat, which is 3.2 with a 95% con"dence interval from 1.7 to 6.3. This means that the risk of toxicity to the rat is 3.2 higher for chemicals with a D. magna LC (0.22 mg/L than for chemicals with a D. magna LC 50.22 mg/L.
DISCUSSION
This study was assigned to ascertain the relationship between the LC values of 54 chemicals for D. magna and the corresponding LD values for the rat to contribute to the investigation of the possibility of using invertebrate tests as prescreening methods for assessment of the toxicity of new chemicals for classi"cation and labeling purposes. To summarize its validity, the D. magna test is more speci"c than sensitive for an indication of toxicity to the rat. When it is used for a chemical that has a high probability of being very toxic to D. magna (LC (0.22 mg/L), the test provides considerable information if it is positive, virtually giving evidence of toxicity to the rat (with a probability of 0.83). On the other hand, a negative test (D. magna LC '0.22 mg/L) would not be so reliable in ruling out toxicity to the rat; the probability of correctly assigning nontoxicity to the rat is 0.74. Therefore, the test with D. magna gives more accurate results for chemicals with a D. magna LC lower than 0.22.
The false-positive results were obtained for two organophosphate insecticides, fenitrothion and diazinon. The failure of this test is not surprising, as these compounds have high selectivity against insects and are known to have relatively low toxicity to mammals. Selective pesticides are examples of substances that may cause problems in the extrapolation of mammal toxicity based on invertebrate tests. However, these chemicals are derived from molecules with known active mechanisms. Thus, their toxicity could be predicted from chemical structure. False-negative classi-"cations were obtained for 11 chemicals, including metallic compounds, organochlorine insecticides, and other organic compounds. The toxicity of these compounds to the rat, wrongly predicted by the test, demonstrates that for LD values greater than 0.22 the test does not perform so well, but still has a high predictive value (73.8%). These results are in good agreement with those reported in the literature (Khangarot and Ray, 1988; Khangarot et al., 1987) .
As far as validity is concerned the test performs quite well. But validity is not the only issue in question. There are ethical issues to be taken into consideration and there is no doubt that rats (and other mammals commonly used in toxicity testing) are very sensitive to pain and distress. Routine use of the D. magna test as a prescreening method will greatly reduce the number of mammals required for regulatory acute oral toxicity testing. In addition to ethical considerations, the cost e!ectiveness of this procedure is evident since it has a high predictive value to rat. LD values and daphnids are less expensive and require less 360 space and human care than rats. Furthermore, D. magna is a standard organism in ecotoxicology and the acute toxicity test with this species is standardized by international organizations such as EU (1992) and EPA (1991) . Using the logistic regression model, the D. magna test seems to have a predictive capacity comparable to that of mammalian cytotoxicity tests. In addition, it is an in vivo test taking into account the biotransformation of toxicants and potential integrated e!ects that occur in the organism as a whole, and a considerable number of LC values for a great variety of chemical agents already exist. Thus, use of D. magna results could be advantageous at least in some situations.
CONCLUSION
The results of this study and data published in the literature provide good evidence of the applicability of the Daphnia magna acute test as a prescreening method in toxicity testing. Exploration of the toxicity data available in the literature for this invertebrate and mammals is necessary to overcome the barriers regarding the acceptance of this alternative.
